weeks and the sensitivity is similar to the data published before with other open source engines. Please clarify, what is really new with your approach, as it is not really suprising that the image analysis of a OCT topo/tomographer achieves the same sensitivity as an Scheimpflug imager. Moreover, in my opinion the choice of the "disease-example" images is an importan point. In this context, it is easy to achieve good results, by "asking the machine the right questions" and train it with easy topos. Please discuss this. Fig.1 : Did you include patients, who really had a progression of keratoconus? Can you divide between the results of progressive and non progressive patients? The patient in the image of course has inferior steepening, but has no skewed axes, no big decentration of the apex and no really corneal thinning.
REVIEWER
Sotiria Palioura Athens Vision Eye Institute Greece REVIEW RETURNED 22-Jun-2019
GENERAL COMMENTS
This is an interesting study whereby the authors are using AS-OCT measurements to discriminate keratoconic patients from normal subjects and also to stage the disease. This is done by the method of "deep learning".
There are several issues with the study that need to be addressed by the authors:
1. What is deep learning? A definition and how it has been used in the past is missing from the Introduction part of the manuscript.
2. How is deep learning different from machine learning? Machine learning has been applied in keratoconus diagnosis both by the Sirius and Galilei topographers/tomographers. Appropriate references need to be provided in the introduction for this. 3 . In topographers/tomographers, color coding depends on the size of steps determined by the user. How did the authors decide on which steps to use? If they change the size of the color-coding steps do they get the same results?
4. The authors claim that they presented results as mean +/standard deviation. I was not able to identify any results in the manuscript presented this way… 5. The authors report the "accuracy" in the Results section of the test and avoid to mention the sensitivity of the method which ranges from 0.68 for Grade 2 to 0.7 for Groups 3 and4 and 0.889 for Group 1 ( Table 2) . Sensitivity is of outmost importance for a screening test and the authors need to report this in the text as well. They nicely mention the sensitivity of other past reports in the Discussion but only report accuracy for their results.
6. It is also quite interesting that the sensitivity to detect more advanced keratoconus (Groups 3 and 4) is less than for less advanced disease (Group 1). What is the authors view on this?
7. In Statistics accuracy is calculated according to the following formula: Accuracy = (sensitivity) (prevalence) + (specificity) (1prevalence) . What value for prevalence did the authors use?
Please provide a reference for this since keratoconus prevalence varies significantly in different parts of the world.
8. The authors should discuss that the main issue in keratoconus diagnosis is subclinical cases. Most developed algorithms or indices do a great job at distinguishing normal from keratoconic corneas but a not-so-good or poor job in distinguishing subclinical keratoconus/keratoconus suspect from normal corneas. All the studies in Table 3 actually have much poorer sensitivities for subclinical keratoconus than for keratoconus. Do the authors plan to do the same analysis in subclinical keratoconus cases? A good result here with their method would add great value to the field. 9. The Amsler-Krumeich classification is outdated. It is quite old and was developed before topography or tomography was available. It would be more valuable to do the analysis the authors performed with just three categories: normalsubclinical keratoconuskeratoconus. This is exactly what most of the studies included in Table 3 actually did. "Other corneal diseases such as pellucid marginal degeneration and eyes with a history of trauma or corneal surgery such as corneal cross-linking for progressive keratoconus were excluded from the study."
VERSION 1 -AUTHOR RESPONSE
Who classified the topographies/ tomographies as keratoconic or not? Did you investigate any interobserver variability? Corneal specialists actually diagnosed keratoconus with evident findings characteristic of keratoconus (e.g., corneal tomography with asymmetric bow-tie pattern with or without skewed axes), and at least one keratoconus sign (e.g., stromal thinning, conical protrusion of the cornea at the apex, Fleischer ring, Vogt striae, or anterior stromal scar) on slit-lamp examination, and they classified the grade (grade 1 to 4) of the disease by the Amsler-Krumeich classification, based on astigmatism, corneal power, corneal transparency, and corneal thickness, obtained from the slit-lamp biomicroscopy and the AS-OCT. 12,13 Unfortunately, we did not investigate the inter-observer variability in the current study. We assume that the inter-observer variability is clinically negligible, because the criteria of keratoconus was clear and established.
[Page 8, Line 4: Two sentences have been modified. "Keratoconus was diagnosed by corneal specialists with evident findings characteristic of keratoconus (e.g., corneal tomography with asymmetric bow-tie pattern with or without skewed axes), and at least one keratoconus sign (e.g., stromal thinning, conical protrusion of the cornea at the apex, Fleischer ring, Vogt striae, or anterior stromal scar) on slit-lamp examination. 13 The grade of keratoconus was determined by the Amsler-Krumeich classification, based on astigmatism, corneal power, corneal transparency, and corneal thickness, obtained from the slit-lamp biomicroscopy and the AS-OCT. 14 "
In the introduction you conclude, that you use deep learning. In the material and methods section, you describe a machine learning technique. Please clarify! We apologize for this ambiguous statement. We have modified the following sentences with regard to deep learning, which is one of the machine learning techniques with multilayered neural network.
[Page 6, Line 8]: Five sentences have been added. "Deep learning is one of the machine learning techniques dealing with the training of multi-layer artificial neural networks. Machine learning is a general technique to find appropriate parameters or functions to classify input data from large amounts of training data. Many methodologies to implement machine learning, such as support vector machines, decision trees, or neural networks, have so far been advocated. In recent years, multilayered neural networks, especially convolutional neural networks, have achieved impressive results in many types of image classifications in many scientific fields. Number of layers often referred to as a kind of depth, and then machine learning with multilayered neural network is called deep learning."
How did you export the images? What image format did you use (e.g. tif, jpg, png)? How did you format the images? Normally these files are displayed with a lot of numeric data. Did you cut each file separately or did you analyze the images together with the displayed data?
We have added the following sentences to export the images.
[Page 10, Line 12]: One sentence has been added. "We exported each image data by taking a screenshot of the CASIA2 application displaying 6 types of corneal images, and stored it in a lossless compression format such as PNG. After that we cut out each type of images from the screenshots, we saved it in PNG format for deep learning."
Discussion:
My main concern is, that in this study only another "ImageNET pretrained open source machine reading engine" was used for the detection of keratoconus. In this context, these results are easily possible or achievable with any other corneal disease, within some weeks and the sensitivity is similar to the data published before with other open source engines. Please clarify, what is really new with your approach, as it is not really suprising that the image analysis of a OCT topo/tomographer achieves the same sensitivity as an Scheimpflug imager. Moreover, in my opinion the choice of the "disease-example" images is an importan point. In this context, it is easy to achieve good results, by "asking the machine the right questions" and train it with easy topos. Please discuss this. It is really new with our approach that we used the whole images of 6 color-coded maps for deep learning, instead of topographic and tomographic numeric indices, for keratoconus detection as well as for grade classification. As the reviewer pointed out, we assume that the choice of the diseaseexample images may play a vital role in this kind of diagnostic accuracy test. Actually, eyes undergoing LASIK or penetrating keratoplasty were included in some studies. In a clinical viewpoint, it is easy to distinguish keratoconus from post-LASIK eyes or post-keratoplasty eyes, because these eyes showed the oblate shape of the cornea, whereas keratoconic eyes usually showed the prolate shape, and because there is no history of surgery. Accordingly, we have added the following sentences in the Discussion section.
[Page 13, Line 4]: One sentence has been modified. "As far as we can ascertain, this is the first study on deep learning using the whole image of each color-coded map for keratoconus detection and grade classification based on clinical diagnosis." [Page 14, Line 13]: One sentence has been added. "Especially the category of the disease might affect the outcomes in this kind of the diagnostic accuracy test in a clinical setting." Fig.1 : Did you include patients, who really had a progression of keratoconus? Can you divide between the results of progressive and non progressive patients? The patient in the image of course has inferior steepening, but has no skewed axes, no big decentration of the apex and no really corneal thinning.
We assessed the As-OCT images at one time point, and did not assess the time-course of changes, in the current study. Therefore, we could not divide between progressive and non-progressive keratoconic patients in the study population, although post-crosslinking eyes were excluded from the study. We have also changed Figure 1 in order to easily understand the representative images of keratoconus.
[Page 8, Line 12]: One sentence has been added. "Other corneal diseases such as pellucid marginal degeneration and eyes with a history of trauma or corneal surgery such as corneal cross-linking for progressive keratoconus were excluded from the study."
To Reviewer 2 Reviewer Name: Sotiria Palioura Institution and Country:Athens Vision Eye Institute Greece Please state any competing interests or state 'None declared': None declared This is an interesting study whereby the authors are using AS-OCT measurements to discriminate keratoconic patients from normal subjects and also to stage the disease. This is done by the method of "deep learning". Dear Dr. Sotiria Palioura, We appreciate your insightful comments for revision.
There are several issues with the study that need to be addressed by the authors: 3. In topographers/tomographers, color coding depends on the size of steps determined by the user. How did the authors decide on which steps to use? If they change the size of the color-coding steps do they get the same results?
We selected the standardized size of the steps in accordance with the manufacturer's instructions, because it is widely used in a clinical setting.
[Page 9, Line 6]: One sentence has been modified. based on the manufacturer's instructions, by experienced examiners who were masked to the clinical condition of the subjects, using the swept-source AS-OCT (Figure 1) ."
4. The authors claim that they presented results as mean +/-standard deviation. I was not able to identify any results in the manuscript presented this way… We apologized this incorrect statement. We have deleted the following sentences.
[Page 11, Line 13]: Two sentences have been deleted. "All statistical analyses were performed using a statistical software (Bellcurve for Excel, Social Survey Research Information Co, Ltd., Tokyo, Japan). The results are expressed as mean ± standard deviation (SD), and a value of p<0.05 was considered statistically significant." 5. The authors report the "accuracy" in the Results section of the test and avoid to mention the sensitivity of the method which ranges from 0.68 for Grade 2 to 0.7 for Groups 3 and4 and 0.889 for Group 1 ( Table 2 ). Sensitivity is of outmost importance for a screening test and the authors need to report this in the text as well. They nicely mention the sensitivity of other past reports in the Discussion but only report accuracy for their results. 6. It is also quite interesting that the sensitivity to detect more advanced keratoconus (Groups 3 and 4) is less than for less advanced disease (Group 1). What is the authors view on this?
We have added the sensitivity of the test in the Results section. As the reviewer pointed out, the sensitivity to detect more advanced keratoconus (Grade 2, 3, or 4) is less than that to detect mild keratoconus (Grade 1). We speculate that the color-coded maps might not be typical for Grade 2, 3, and 4, and thus the discrimination between Grade 2 and Grade 3, or that between Grade 3 and Grade 4, was still difficult even using this deep learning of these color-coded maps. In addition, the category and the number of keratoconic patients in each group were not equally distributed in a clinical setting. Thank you for your insightful comments.
[Page 11, Line 19]: One sentence has been modified. "Deep learning using the arithmetical mean data of these 6 color-coded maps showed an accuracy of 0.991 (sensitivity 1.000, specificity 0.984) in discriminating between normal and keratoconic eyes ( Table 2) ." [Page 12, Line 6]: One sentence has been modified. "Deep learning using the arithmetical mean data of these 6 color-coded maps showed an accuracy of 0.874 (sensitivity 0.889, specificity 0.977 for Grade 1, sensitivity 0.680, specificity 0.951 for Grade 2, sensitivity 0.714, specificity 0.952 for Grade 3, and sensitivity 0.747, specificity 0.987 for Grade 4) in classifying the stage of the disease, according to the Amsler-Krumeich classification ( Table 2 )." 7. In Statistics accuracy is calculated according to the following formula: Accuracy = (sensitivity) (prevalence) + (specificity) (1prevalence) . What value for prevalence did the authors use? Please provide a reference for this since keratoconus prevalence varies significantly in different parts of the world.
In our paper, we calculated the accuracy as the value indicating how the trained model accurately classify the test data (accuracy = ((true positive + true negative) / (true positive + false positive +true negative + false negative)), as used in many published studies. This kind of accuracy is generally used to evaluate trained models generated by machine learning in previous studies. [1] [2] [3] 8, 9, 11, 12 8. The authors should discuss that the main issue in keratoconus diagnosis is subclinical cases. Most developed algorithms or indices do a great job at distinguishing normal from keratoconic corneas but a not-so-good or poor job in distinguishing subclinical keratoconus/keratoconus suspect from normal corneas. All the studies in Table 3 actually have much poorer sensitivities for subclinical keratoconus than for keratoconus. Do the authors plan to do the same analysis in subclinical keratoconus cases? A good result here with their method would add great value to the field. 9. The Amsler-Krumeich classification is outdated. It is quite old and was developed before topography or tomography was available. It would be more valuable to do the analysis the authors We appreciate your insightful comments for revision. We have emphasized that this is the first study on deep learning using the whole image of corneal color-coded maps with the anterior segment optical coherence tomography for keratoconus detection and grade classification based on clinical diagnosis. Accordingly, we have modified the following sentences.
[Page 7, Line 3]: One sentence has been modified. "Accordingly, deep learning using the whole image of corneal color-coded maps with the anterior segment optical coherence tomography (AS-OCT) based on clinical diagnosis, which enables us to precisely determine the curvature and the elevation of the anterior and posterior corneal surfaces even in eyes with opaque cornea, has not so far been performed to determine the diagnostic accuracy or the grade of keratoconus." [Page 13, Line 4]: One sentence has been modified. "As far as we can ascertain, this is the first study on deep learning using the whole image of corneal color-coded map for keratoconus detection and grade classification based on clinical diagnosis." [Page 15, Line 2]: Three sentence have been modified. "These numeric values are simple and easy to grasp the overall corneal shape, but hide the spatial gradients and distributions of the corneal curvature, elevation, refractive power, and thickness. In the current study, we used the whole images of 6 color-coded maps for deep learning, instead of topographic and tomographic numeric indices. We assume that the use of color-coded maps has advantages over that of numeric values for machine learning, since these color-coded maps can bring a larger amount of corneal information than these numeric values for this learning."
To Reviewer 2 Reviewer Name: Sotiria Palioura Institution and Country:Athens Vision Eye Institute Greece Please state any competing interests or state 'None declared': None declared The manuscript is clearly improved in this revision. There are still a few issues the authors should address:
Dear Dr. Sotiria Palioura, We appreciate your insightful comments for revision. 1. Page 6, line 43: "…in many scientific fields" Please provide references and examples.
We have provided three related references.
[Page 19, Line 2]: Three references have been added.
challenging even in advanced keratoconus. For example, considering that the color-coded maps are not graphically typical for Grade 3 and Grade 4, the discrimination between Grade 3 and Grade 4 may be difficult even using this deep learning. We have added the following sentences in the Discussion section. Thank you for your insightful comments.
[Page 15, Line 8]: Four sentences have been added.
"Contrary to our expectations, the sensitivity to detect more advanced keratoconus (Grade 2, 3, or 4) was lower than that to detect mild keratoconus (Grade 1). We speculate that the color-coded maps might not be typical for Grade 2, 3, and 4, and thus the discrimination between Grade 2 and Grade 3, or that between Grade 3 and Grade 4, was still difficult even using this deep learning of these colorcoded maps. A further validation using another study population is still necessary to clarify this point."
We believe the manuscript has been prepared and submitted satisfactorily and hope that it will be accepted for publication in your esteemed journal. Thank you for your attention and consideration.
